The possibility that R-type calcium channels contribute to fast glutamatergic transmission in the hippocampus has been assessed using low concentrations of NiCl 2 and the peptide toxin SNX 482, a selective antagonist of the pore-forming ␣ 1E subunit of R-type calcium channel. EPSPs or EPSCs were recorded in the whole-cell configuration of the patch-clamp technique mainly from CA3 hippocampal neurons. Effects of both NiCl 2 and SNX 482 were tested on large (composite) EPSCs evoked by mossy and associative-commissural fiber stimulation. NiCl 2 effects were also tested on minimal EPSPs-EPSCs. Both substances reduced the amplitude of EPSPs-EPSCs. This effect was associated with an increase in the number of response failures of minimal EPSPs-EPSCs, an enhancement of the paired-pulse facilitation ratios of both minimal and composite EPSCs, and a reduction of the inverse squared coefficient of variation (CV Ϫ2 ). The reduction of CV Ϫ2 was positively correlated with the decrease in EPSC amplitude. The inhibitory effect of NiCl 2 was occluded by SNX 482 but not by -conotoxin-MVIIC, a broad-spectrum antagonist thought to interact with Nand P/Q-type calcium channels, supporting a specific action of low concentrations of NiCl 2 on R-type calcium channels. Together, these observations indicate that both NiCl 2 and SNX 482 act at presynaptic sites and block R-type calcium channels with pharmacological properties similar to those encoded by the ␣ 1E gene. These channels are involved in fast glutamatergic transmission at hippocampal synapses.
Synaptic transmission is triggered by calcium entry through voltage-dependent calcium channels (VDCCs) into presynaptic nerve terminals (Katz, 1969) . Using type-specific calcium channel blockers, it has been found that most VDCCs involved in transmitter release in the mammalian CNS belong to N-and P/Q-type channels (Takahashi and Momiyama, 1993; Wheeler et al., 1994; Dunlap et al., 1995) . These channels are localized at presynaptic release sites at which they synergistically control synaptic function. The relationship between presynaptic calcium concentration ([Ca 2ϩ ]) and transmitter release is nonlinear and can be approximated by a power function with the exponent that typically varies between 3 and 4 in different synapses (Dodge and Rahamimoff, 1967; Augustine and Charlton, 1986; Takahashi and Momiyama, 1993; Wu and Saggau, 1997) . The relative contribution of VDCCs to transmitter release can be estimated by monitoring changes in [Ca 2ϩ ] in presynaptic nerve endings, loaded with calcium indicators in the presence of selective VDCC antagonists. Using this method, Wu and Saggau (1995) have found that, at hippocampal CA3-CA1 synapses, complete block of both N-and P/Q-type VDCCs with -conotoxin-MVIIC (-CTx-MVIIC) does not completely suppress presynaptic calcium transient. This indicates that, in addition to N-and P/Q-type, other VDCC types contribute to presynaptic calcium entry and fast glutamatergic synaptic transmission (Luebke et al., 1993; Takahashi and Momiyama, 1993; Wu and Saggau, 1995) . Approximately one-quarter of presynaptic calcium influx is resistant to -CTx-MVIIC in both hippocampus (Wu and Saggau, 1995) and cerebellum (Mintz et al., 1995) . The residual -CTx-MVIICresistant calcium transient might be mediated by T-or R-type VDCCs Saggau, 1994, 1995; Mintz et al., 1995 Mintz et al., , 1997 . However, the involvement of T-type VDCC seems unlikely because this channel type is localized mainly on the soma and dendrites (Huguenard, 1996; Craig et al., 1999) . A possible candidate is the R-type VDCC first described by Zhang et al. (1993) and involved in excitation-secretion coupling in both central neurons and chromaffin cells (Wu et al., 1998; Wang et al., 1999; Albillos et al., 2000) .
In the present experiments, we have investigated whether R-type calcium channels contribute to trigger transmitter release at hippocampal mossy and associative-commissural fibers synapses. To this aim, we have used low concentrations of NiCl 2 and the polypeptide toxin SNX 482, a selective antagonist of recombinant ␣ 1E channels (Newcomb et al., 1998) , which inhibits some native R-type channels (Wang et al., 1999; Tottene et al., 2000) . We found that, at these synapses, R-type calcium channels constitute a significant fraction of presynaptic VDCCs controlling fast glutamatergic transmission.
MATERIALS AND METHODS
Slice preparation. E xperiments were performed on hippocampal slices obtained from postnatal day 14 (P14) to P19 Wistar rats as described previously (Gasparini et al., 2000) . Briefly, animals were decapitated after being anesthetized with an intraperitoneal injection of urethane (2 gm / kg). The brain was quickly removed from the skull and placed in an ice-cold artificial C SF (AC SF) containing (in mM): 130 NaC l, 3.5 KC l, 1.2 NaH 2 PO 4 , 25 NaHC O 3 , 1.3 MgC l 2 , 2 CaCl 2 , and 11 glucose (saturated with 95% O 2 and 5% C O 2 ), pH 7.3-7.4. Transverse hippocampal slices (300 -400 m thick) were cut with a vibratome and stored at room temperature in a holding bath containing the same saline solution as above. After a recovery period of at least 1 hr, an individual slice was transferred to the recording chamber in which it was continuously superf used with oxygenated AC SF at a rate of 2-3 ml /min.
Electrophysiolog ical recordings. EPSPs or EPSC s were recorded at 32°C from CA1 or CA3 pyramidal neurons using the patch-clamp technique in the whole-cell configuration. Patch pipettes were filled with a solution containing (in mM): 125 C s-methanesulphonate, 10 C sC l, 10 H EPES, 0.6 EGTA, 5 N-(2,6-dimethylphenylcarbamoylmethyl)triethylammoniumbromide (Alomone Labs, Jerusalem, Israel), 2 MgATP, and 0.3 NaGTP (resistance of 3-5 M⍀). Bicuculline methiodide (5-10 M) (SigmaAldrich, Milan, Italy), 3-[( R)-2-carboxypiperazin-4-yl]-propyl-1-phosphonic acid (20 M; Tocris Cookson, Bristol, UK), and tetrodotoxin (10 nM; Affiniti Research Products, E xeter, UK) were routinely added to the bathing solution to block GABA A and NMDA receptors and to reduce polysynaptic activity, respectively. Bipolar twisted NiCr-insulated electrodes were placed in stratum radiatum to activate Schaffer collaterals in the CA1 region and associative -commissural fibers in the CA3 area or in stratum lucidum to stimulate mossy fibers (M Fs). Paired stimuli (50 msec interval, 100 sec duration) were usually applied at 0.05 Hz (or 0.1 Hz in the case of pressure application of drugs). T wo sets of experiments were performed with recordings of large (composite) EP-SC s and minimal EPSPs-EPSC s, respectively. In the first set of experiments, stimulation intensity was adjusted to evoke composite (multifibers) EPSC s with no response failures. In another set, minimal afferent stimulation was used to activate one or few fibers. The minimal EPSPs-EPSC s were associated with occasional response failures. Their number was usually estimated by visual discrimination. M F-EPSC s were characterized by their fast rise time and by their sensitivity to (2S,2ЈR,3ЈR)-2-(2Ј,3Ј-dicarboxycyclopropyl)glycine (DCG-IV) (1 M; Tocris Cookson), a selective agonist of metabotropic glutamate receptors (mGluRs) 2/3, known to selectively block mossy fibers transmission (Kamiya et al., 1996) , whereas associative -commissural fiber EPSPs were characterized by their slower rise time and their resistance to DCG-IV (Berretta et al., 2000) . Because the effects of NiC l 2 on M F-EPC Ss and associativecommissural fiber-EPSC s were very similar, data obtained from activation of these two inputs were pooled together.
NiC l 2 was applied either in the bath via a three-way tap system or by pressure (5-10 psi) from a glass pipette (outer diameter, 5-10 m) positioned close to the recording cell. In the bath, NiC l 2 was applied at concentrations of 30 -50 M and usually started to produce an effect after 2-3 min. Therefore, responses obtained during bath application of NiC l 2 were averaged only starting from the third minute of NiC l 2 application. L ower concentrations of NiC l 2 (10 M) did not produce any effect. We did not use higher (100 M) concentrations of this divalent cation to avoid interference with other types of channels. Pressure application facilitated accessibility of NiC l 2 to the cell membrane and reduced the application time (Miledi and Thies, 1971) . In these experiments, the concentration of NiC l 2 in the pipette was raised 10 times to obtain the same blocking effect as with bath application. -Conotoxin-M V IIC (Bachem AG, Bubendorf, Switzerland) and SN X 482 (gift of G. Miljanich and L. Nadasdi, Elan Pharmaceuticals Inc., Menlo Park, CA) were applied by pressure. In some of these experiments, when two inputs (M Fs and associative -commissural fibers) were alternatively activated, drugs delivered through the pressure pipette were found to affect, in the majority of the cases, only EPSC s evoked by stimulation of nerve fibers running closer to the tip of the pipette. A subsequent displacement of the pipette closer to the other afferent pathway was able to suppress EPSC s elicited by stimulation of the second input.
Rise and decay time constants were evaluated on average responses, using a single exponential fit. Paired-pulse facilitation (PPF) was measured as the ratio between the amplitude of the second and first response before and during drug application after averaging all respective traces. In some (n ϭ 21) experiments, the coefficient of variation (C V) of response amplitude was determined as C V ϭ SD/mean, and its inverse squared value (C V Ϫ2 ) was calculated. This measure is traditionally used to detect changes in presynaptic transmitter release (Katz, 1969; Voronin, 1993; Chavez-Noriega and Stevens, 1994 ) (for limitations, see Faber and Korn, 1991) .
Data are presented as mean Ϯ SEM. Statistical comparisons were made with the use of paired t test or Wilcoxon signed rank test ( p Ͻ 0.05 was taken as significant).
RESULTS
NiCl 2 reduces composite EPSCs evoked by stimulation of mossy or associative-commissural fibers Bath application of NiCl 2 at concentrations (30 -50 M) known to block some R-type calcium channels (Randall and Tsien, 1995; Tottene et al., 2000) significantly ( p Ͻ 0.005) depressed the mean peak amplitude of composite EPSCs, elicited by stimulation of mossy or associative-commissural fibers in CA3 pyramidal neurons from 77.0 Ϯ 12.6 to 45.9 Ϯ 9.0 pA (n ϭ 5) (Fig. 1) . NiCl 2 induced also a significant ( p Ͻ 0.05) increase in the paired-pulse facilitation ratio from 1.62 Ϯ 0.22 to 2.14 Ϯ 0.30 (n ϭ 4) (Fig. 1 D) . The effect of NiCl 2 was not associated with significant changes in holding current (values before and during NiCl 2 were Ϫ123.4 Ϯ 14.8 and Ϫ130.9 Ϯ 12.6 pA, respectively; p Ͼ 0.05) or membrane input resistance (293.5 Ϯ 9.1 and 287.4 Ϯ 14.8 M⍀, before and during NiCl 2 application, respectively; p Ͼ 0.5). The kinetic properties of the EPSCs before and during NiCl 2 application were examined in five cells. As exemplified in Figure 1 A, no significant ( p Ͼ 0.5) modifications in the rise or decay time constants were detected (the mean rise and decay time constants were 3.5 Ϯ 0.5 and 3.4 Ϯ 0.5 msec or 12.6 Ϯ 2.3 and 11.0 Ϯ 1.2 msec before and during NiCl 2 , respectively). As illustrated in Figure 1 B, the effects of NiCl 2 were only partially reversible.
In three cases in which NiCl 2 was tested on composite EPSCs evoked in CA1 neurons by stimulation of Schaffer collaterals, it reduced the mean amplitude EPSCs by 26.8 Ϯ 14.7% (n ϭ 3).
Pressure application of NiCl 2 induces a reversible reduction of composite EPSCs
Poor accessibility of divalent cations to the cell membrane may account for the slow onset and the only partial washout of NiCl 2 effects (Miledi and Thies, 1971) . To facilitate accessibility and to reduce the time of application, in another set of experiments, NiCl 2 was applied by pressure from a glass pipette positioned close to the recording cell. To obtain the same inhibition as with bath application, it was necessary to raise 10 times the concentration of NiCl 2 in the pipette, which therefore was 300 M. In the example shown in Figure 2 , pressure application of NiCl 2 reduced the peak amplitude of the EPSCs evoked in a CA1 pyramidal cell by stimulation of the Schaffer collateral by 45.3%, and this effect was almost completely reversed during washout. NiCl 2 produced also an increase in the paired-pulse facilitation ratio from 1.4 to 2.1. On average, in three CA1 cells, NiCl 2 reduced the peak amplitude of EPSCs evoked by Schaffer collateral stimulation by 40.5 Ϯ 5.2% and increased the paired-pulse facilitation ratio from 1.7 Ϯ 0.1 to 2.2 Ϯ 0.3 (data not shown). In 10 CA3 neurons, NiCl 2 significantly ( p Ͻ 0.001) reduced the mean amplitude of EPSCs evoked by mossy fiber stimulation by 46.2 Ϯ 2.4% and increased the paired-pulse facilitation ratio from 1.5 Ϯ 0.1 to 1.8 Ϯ 0.3 (Fig.  2C,D) .
The neurotoxin SNX 482 depresses EPSCs evoked by stimulation of the mossy and associativecommissural fibers SNX 482, a toxin isolated from the tarantula Histerocrates gigas venom, at low concentrations, is a selective antagonist of recombinant VDCCs containing ␣ 1E subunits and inhibits some native R-type channels (Newcomb et al., 1998; Wang et al., 1999; Tottene et al., 2000) . To see whether R-type calcium channels containing the ␣ 1E subunit contribute to glutamate release in the hippocampus, SNX 482 at 0.3 or 1 M was applied by pressure from a pipette located close to the mossy fibers in the vicinity of the patched cell. These concentrations should be equivalent to 30 and 100 nM toxin applied by bath perfusion (see Materials and Methods). Figure 3 , A and C, shows the effects of SNX 482 (1 M) on the amplitude of EPSCs evoked in a CA3 neuron by mossy fiber stimulation. The toxin reduced the peak amplitude of the EPSC by 62.7%. The effect of the toxin was localized; EPSCs evoked in the same neuron by stimulation of the associativecommissural fibers were unaffected (Fig. 3 B, D) . The mean peak amplitude of the associative-commissural EPSC was 59.0 and 58.8 pA before and after SNX 482, respectively. However, when the pressure pipette was moved closer to the associative-commissural fiber terminals, a 54.9% reduction of EPSCs amplitude was observed (data not shown). Overall, in seven CA3 cells, SNX 482 (1 M) produced a reduction of the peak EPSC amplitude of 55.9 Ϯ 4.5%. A slightly weaker effect on EPSC amplitude (42.3 Ϯ 2.9% reduction) was induced by lower concentrations of SNX 482 (0.3 M; n ϭ 14). The blocking effect produced by the toxin was very similar to that obtained with NiCl 2 and was irreversible. The decrease in the mean EPSC amplitude produced by SNX 482 (1 M) was accompanied by an increase in the paired-pulse facilitation ratio in four of seven cells tested. However, the mean increase in the PPF ratio did not reach statistical significance (Fig.  3E) . Therefore, to further test the involvement of presynaptic mechanisms in SNX 482 action, an additional analysis based on calculation of the inverse squared coefficient of variation of response amplitude (CV Ϫ2 ; see Materials and Methods) was performed. CV
Ϫ2 decreased in all cells tested with 1 M drug concentration (n ϭ 7) and in the majority of the cells tested with 0.3 M (n ϭ 11/14) (Fig. 3F ) . Importantly, the reduction of CV Ϫ2 produced by SNX 482 significantly correlated with the decrease in the mean amplitude of EPSCs (r ϭ 0.43; n ϭ 21; p Ͻ 0.05; one-tailed test). These observations support a presynaptic site of action of the toxin.
If NiCl 2 and SNX 482 act on the same target, namely on the ␣ 1E subunit of the R-type of calcium channel, application of NiCl 2 (30 M) after the toxin should not produce any additional effect. Indeed in five cases, bath application of NiCl 2 after the toxin did not significantly ( p Ͼ 0.1) modify the EPSC amplitude, suggesting that both the toxin and the divalent cation act on the same target. The mean peak amplitude reduction of the EPSCs was 37.8 Ϯ 3.1% after application of SNX 482 (0.3 M) and 50.4 Ϯ 6.4% after addition of NiCl 2 (Fig. 4 A) .
As a control for the above occlusive interaction, we performed additional experiments (n ϭ 5) using -conotoxin-MVIIC known to block N-and P/Q-type calcium channels (Wu and Saggau, 1995) . In line with previous reports (Wu and Saggau, 1995) , pressure application of the toxin (concentration in the pressure pipette, 10 M) produced a 66.1 Ϯ 2.8% reduction of the peak amplitude EPSC, which was irreversible. When NiCl 2 (30 M) was applied in the bath after -conotoxin-MVIIC, an additional significant ( p Ͻ 0.001) reduction of EPSC amplitude to 90.2 Ϯ 3.6% was observed (Fig. 4 B) . This indicates that NiCl 2 at this concentration suppresses a set of channels different from that blocked by -conotoxin-MVIIC. The small EPSC that remains after -conotoxin-MVIIC and NiCl 2 might be mediated by R-type calcium channels less sensitive to NiCl 2 , as suggested by previous experiments at the calyx synapses in the rat medial nucleus of the trapezoid body (Wu et al., 1998) . The data presented so far clearly show that presynaptic ␣ 1E channels contribute to glutamate release at mossy and associative-commissural fiber synapses. The question then rises whether all presynaptic terminals could have R-type channels commingled with N-and P/Q-type or approximately half of all terminals could have only R-type channels, whereas the other half posses only Nand P/Q-type. To address this point, another set of experiments using minimal stimulation, which presumably activates only a few afferent fibers or even a single fiber, were performed. In these experiments, we used NiCl 2 at concentrations (30 -50 M) known to block the same R-type calcium channels inhibited by SNX 482 (see occlusion by SNX 482 on NiCl 2 block).
NiCl 2 depresses EPSPs or EPSCs evoked by minimal stimulation of the mossy or associativecommissural fibers
Figure 5 (control ) exemplifies EPSPs evoked by minimal stimulation of the associative-commissural fibers at resting membrane 1 M) . B, D, Similar presentation for EPSCs evoked in the same CA3 neuron by stimulation of associative-commissural fibers. Note that SNX 482 reduced the amplitude of mossy fiber EPSCs but did not affect associative-commissural EPSCs (mean peak amplitude values before and during SNX 482 were 76.7 and 26.5 pA for mossy fiber EPSCs and 59.0 and 58.8 pA for associative-commissural fiber EPSCs). Mean PPF ratio of mossy fiber EPSCs recorded in seven CA3 pyramidal cells before and during toxin application. F, Plot of the ratio of CV Ϫ2 (toxin over control) versus relative EPSC amplitudes (expressed as the ratio of the amplitude during SNX 482 application to the baseline amplitude). The regression line has been fitted through the data (least-square approximation; regression coefficient is 0.43; p Ͻ 0.05). Each symbol represents one cell (n ϭ 21). potentials (ranging from Ϫ58 to Ϫ63 mV). The EPSPs fluctuated in amplitude from trial to trial with occasional failures. When two stimuli were applied at 50 msec intervals, the second one triggered higher-amplitude responses, with a reduced number of failures. EPSPs were completely blocked by CNQX (10 M), indicating that they were generated by glutamate acting on non-NMDA receptors (data not shown). Bath application of NiCl 2 (30 -50 M) significantly reduced the peak amplitude of the EPSPs evoked by mossy or associative-commissural fibers by ϳ50% (Fig. 5D ) in 13 of 15 recorded cells (in two cells, NiCl 2 was ineffective). Thus, during NiCl 2 application, the mean EPSP amplitudes changed from 0.77 Ϯ 0.15 to 0.38 Ϯ 0.11 mV (n ϭ 13; p Ͻ 0.001) (Fig. 5D ). This effect was associated with a significant increase in the number of failures from 19 Ϯ 3 to 44 Ϯ 6% (n ϭ 13; p Ͻ 0.001) (Fig. 5E ) and in the paired-pulse facilitation ratio from 2.5 Ϯ 0.4 to 3.5 Ϯ 0.9 (n ϭ 12; p Ͻ 0.05) (Fig. 5F ). NiCl 2 did not affect membrane input resistance; it was 220 Ϯ 32 and 273 Ϯ 28 M⍀ before and during NiCl 2 application, respectively (n ϭ 13; p Ͼ 0.5).
Similar blocking effect of NiCl 2 (ϳ50%) was found in five of six cells clamped at a holding potential of Ϫ60 mV. In these cells, EPSCs were evoked by minimal stimulation of MF or associative-commissural fibers in stratum lucidum or radiatum, respectively (Fig. 6 ). In the presence of NiCl 2 , a significant reduction in the mean peak amplitude of the EPSCs was detected (from 23.4 Ϯ 7.1 to 11.5 Ϯ 3.7 pA; n ϭ 5; p Ͻ 0.05) (Fig. 6 D) . A significant ( p Ͻ 0.05) increase in the number of failures and paired-pulse facilitation ratio was also found (from 30.6 Ϯ 6.3 to 48.0 Ϯ 6.1% and from 1.67 Ϯ 0.15 to 1.89 Ϯ 0.16%, respectively) ( Fig. 6 E, F ) . All of these effects were rarely reversible.
NiCl 2 was able to reduce to approximately the same extent EPSCs evoked in CA1 neurons by minimal stimulation of Schaffer collaterals (from 18.4 Ϯ 8.6 to 7.7 Ϯ 3.9 pA; n ϭ 3/4; data not shown).
In conclusion, although a certain degree of variability of NiCl 2 block on single fiber EPSPs-EPSCs was observed in different cells (on average, ϳ50%), a complete suppression was never achieved, suggesting that presynaptic terminals bearing only R-type channels are highly unlikely. Note the increased number of response failures during NiCl 2 application. B, Averages of responses obtained before (n ϭ 87), during (n ϭ 60), and 13 min after wash (n ϭ 40). C, Plot of EPSP amplitudes evoked by the first (EPSP1; filled symbols) and second (EPSP2; open symbols) pulse in the paired-pulse paradigm before, during (horizontal bar), and after application of NiCl 2 . D, Mean peak amplitude of the first EPSP before (white column) and during (black column) superfusion of NiCl 2 (n ϭ 13). E, Mean failure rates before (white column) and during (black column) application of NiCl 2 (n ϭ 13). F, Mean paired-pulse facilitation ratio in control conditions and during NiCl 2 application (n ϭ 12). *p Ͻ 0.05; **p Ͻ 0.001. 
DISCUSSION
The present experiments show that R-type VDCCs highly sensitive to both SNX 482 and NiCl 2 contribute to fast excitatory transmission in the hippocampus, at mossy and associative-commissural fiber synapses. The first clue that presynaptic VDCCs of the R-type trigger transmitter release has been provided by Wu et al. (1998) in the medial nucleus of the trapezoid body in brainstem slices (calyx of Held synapses). At these synapses, approximately one-quarter of calcium current evoked by a presynaptic action potential was resistant to -conotoxin-MVIIC but sensitive to relatively low concentrations of NiCl 2 (Randall and Tsien, 1995) , supporting the idea that R-type VDCCs cooperate with MVIIC-sensitive N-and P/Q-type to regulate synaptic transmission. In this preparation, the lower effectiveness of VDCC of Rand N-type in triggering release compared with P/Q-type channels could be attributable to the distant location of a substantial fraction of R-and N-type channels from the release sites (Wu et al., 1999) . More recently, R-type VDCCs have been found to control both oxytocin release in isolated neurohypophysial terminals (Wang et al., 1999) and the rapid secretory response coupled to exocytotic release of catecholamines in mouse adrenal slice chromaffin cells (Albillos et al., 2000) .
Native R-type VDCCs with different biophysical and pharmacological properties have been described in different types of neurons (Tottene et al., 1996; Hilaire et al., 1997; Magnelli et al., 1998; Wu et al., 1998; Wang et al., 1999) and have been shown to be coexpressed in the same type of neuron (Forti et al., 1994; Tottene et al., 1996; Wu et al., 1998; Tottene et al., 2000) . Only some of the native R-type VDCCs are inhibited by SNX 482, the first selective (at concentrations Ͻ300 -500 nM) antagonist of recombinant ␣ 1E (Ca V 2.3) channels (Newcomb et al., 1998; Wang et al., 1999; Tottene et al., 2000) . Tottene et al. (2000) have shown that, in cerebellar granule cells, the component of R-type calcium current inhibited by a low concentration of SNX 482 (fully inhibited by 200 nM toxin) is also highly sensitive to NiCl 2 block (fully inhibited by 30 M NiCl 2 ), whereas the R-type component inhibited by larger concentrations of toxin [IC 50 of 500 nM, called SNX 482-resistant component, because at these concentrations SNX 482 is not a selective antagonist of ␣ 1E (Ca V 2.3) channels] is also less sensitive to NiCl 2 block. Both of these components are absent in ␣ 1E knock-out mice (Wilson et al., 2000) , because the calcium current that remains in cerebellar granule cells of knock-out mice in the presence of -agatoxin-IVA (-AgaIVA), -conotoxin-GVIA, and nimodipine is not inhibited by 1 M SNX 482 (a concentration that would completely inhibit the so called toxin-resistant component of Tottene et al., 2000) . Because both components are suppressed after transfection of the neurons with specific ␣ 1E antisense oligonucleotides (Tottene et al., 2000) and are completely absent in ␣ 1E knock-out mice (Wilson et al., 2000) , the different R-type VDCCs coexpressed in cerebellar granule cells appear to be all encoded by the ␣ 1E gene. Alternatively, spliced isoforms of the ␣ 1E subunit most likely account for their different biophysical and pharmacological properties (Schramm et al., 1999; Tottene et al., 2000) . The origin of the additional current component not inhibited by very high concentrations of SNX 482 described by Wilson et al. (2000) remains unclear. It is possible that this current may actually be attributable to Q-type channels not completely inhibited by 200 nM -AgaIVA (Randall and Tsien, 1995) .
In the present experiments, the observation that low concentrations of SNX 482 were able to reduce the amplitude of EPSCs to the same extent (ϳ50%) as low concentrations of NiCl 2 strongly favors the conclusion that R-type calcium channels are involved in transmitter release. Additional evidence in favor of R-type VDCCs in fast synaptic transmission was provided by occlusion experiments in which NiCl 2 was applied after SNX 482. No additional significant reduction in EPSC amplitude was detected after addition of NiCl 2 , suggesting that both NiCl 2 and the toxin act on the same site. On the contrary, an additional reduction of EPSC amplitude was observed when NiCl 2 was applied after -CTx-MVIIC, at a saturating concentration known to completely inhibit N-and P/Q-type VDCCs (Castillo et al., 1994; Wu and Saggau, 1995) , further supporting a specific action of NiCl 2 on R-type channels. These results contradict previous findings that NiCl 2 , at the same concentration, failed to modify field EPSPs evoked in the CA1 hippocampal region by Schaffer collateral stimulation (Oliet et al., 1997) . This apparent discrepancy may be attributable to differences in the experimental conditions. To obtain a mGluR form of long-term depression, a Ca 2ϩ /Mg 2ϩ ratio of 4:4 mM was used in experiments by Oliet et al. (1997) (instead of 2:1.3 mM used in the present experiments). This condition that reduces basal synaptic transmission to 62% may have affected the driving force for calcium and cooperativity within presynaptic calcium channels.
Within the hippocampus, using in situ hybridization and immunocytochemical techniques, high levels of the ␣ 1E mRNA transcript and protein have been detected mainly postsynaptically at the somatic and dendritic level (Yokoyama et al., 1995; Day et al., 1996) . The postsynaptic localization of the ␣ 1E protein is further supported by electrophysiological experiments showing the presence of NiCl 2 -sensitive R-type calcium channels on the dendrites of CA1 pyramidal neurons. These channels together with the T-type are supposed to contribute to action potential burst firing (Christie et al., 1995; Magee and Johnston, 1995; Kavalali et al., 1997; Magee and Carruth, 1999) . However, immunoreactivity for class E calcium channels has been detected also presynaptically at the level of mossy fiber terminals in stratum lucidum, suggesting, in agreement with the present findings, a major role of these channels in cell communication (Day et al., 1996) . Although we cannot entirely exclude that low concentrations of NiCl 2 or SNX 482 may affect T-or R-type calcium channels located postsynaptically, the following observations support the conclusion that their blocking action on EPSP-EPSC amplitude can be mostly accounted for by a presynaptic depression of transmitter release.
(1) NiCl 2 did not modify membrane potential, input resistance, or EPSCs kinetics. (2) NiCl 2 and SNX 482 reduced EPSPsEPSCs evoked from Ϫ60 mV, a holding potential at which most low-voltage-activated calcium channels are inactivated. (3) In the case of alternative activation of two distinct inputs to the same cell, the toxin affected preferentially EPSCs evoked by stimulation of fibers localized closer to the pressure pipette, leaving the others almost unaffected. In the case of a postsynaptic action, SNX 482 should have affected EPSCs evoked by both inputs. (4) In the presence of NiCl 2 , the reduction of the amplitude of EPSPs-EPSCs evoked by minimal stimulation was associated with a significant increase in the number of failures. (5) In the presence of SNX 482, the decrease in the amplitude of EPSC was accompanied by a reduction of CV Ϫ2 , which is a traditional measure of transmitter release. (6) The reduction of EPSP-EPSC amplitude by NiCl 2 and SNX 482 was associated with an increase in the paired-pulse facilitation ratio, another traditional index of changes in presynaptic release probability.
Regarding the problem of whether R-type calcium channels are commingled or not with N and P/Q on the same presynaptic terminal, our data on single fiber EPSPs-EPSCs favor the hypothesis of a colocalization of multiple type of calcium channels on the same nerve ending. In fact, single fiber EPSP-EPSC reduction by NiCl 2 varied from 51 to 59% but never achieved 100%, as expected for R-type calcium channels alone. Moreover, although the present experiments do not allow to reliably estimate the fraction of presynaptic calcium entry because of ␣ 1E channels, assuming that transmitter release is proportional to [Ca 2ϩ ] m and m ϭ 3.5 (according to Wu and Saggau, 1995 , at least for CA3-CA1 synapses), we can estimate that ϳ15% of R-type calcium channels contribute to glutamate release. This value is slightly lower than that of 25% given by Wu and Saggau (1995) for -CTx-MVIIC-resistant calcium channels. This difference could be explained by several factors, including differences in m value that can vary from synapse to synapse and in the same synapse in relation to the localization of calcium channels, more or less close to the active zones (Wu et al., 1999) .
In conclusion, our data demonstrate that R-type calcium channels with pharmacological properties similar to those encoded by the ␣ 1E gene highly sensitive to NiCl 2 and to SNX 482 substantially contribute to fast glutamatergic synaptic transmission at mossy and associative-commissural fiber synapses.
